A long-term activity character of DM UMa (K0-1 IV-III), which is one of the most active members of the RS CVn type variables, is examined using the multicolor photometric observations which spread to the time interval between 1980 and 2009. In this work, we present a new approximation for the long-term light and color variation of DM UMa using data obtained by combining our own observations obtained in the Johnson broad-band U,B,V,R filters between the years 1997 and 2008 and data published in literature. Available light and color data were examined for the long-term and seasonal variations using PERIOD04 program. The period analysis of the V -band data reveals the period estimations of 51.2 ± 2.8 years and 15.1 ± 0.7 years superposed on it. The U -B, B-V and V -R colors do not show correlation with the longer period, but they show variations with a period similar to the shorter one, except for B-V color. The amplitude variation also does not exhibit any correlation with the V light and color curves. It is found that the movement of the spot minima phases in years also indicates the migration period of nearly 15 years, similar to the period derived from the analysis of the long-term photometric observations in V -band.
INTRODUCTION
2A 1052+606 (= BD+61 1211) was first identified as an X-ray source during sky surveys by satellites such as Uhuru, Ariel 5, HEAO 1 (e.g., Amnuel et al. 1979; Schwartz et al. 1979) . Its optical counterpart based on positional coincidence was detected by Liller et al. (1978) . Based on its X-ray characteristics and optical variability, it was suggested as a new RS CVn type system by Charles et al. (1979) . 2A 1052+606 was included in the 65th catalog of variable stars by Kholopov et al. (1981) with the name DM UMa. Using radial velocities derived from both absorption and emission lines of Ca II H, K and hydrogen, Crampton et al. (1979) identified that DM UMa is a single-lined spectroscopic binary with an orbital period of 7.492 d and that the spectral type of its visible component is K0-1 III-IV. They also found that the amplitude of radial velocity variation, the semi-major axis and the mass function of the system were K = 27.6 kms −1 , a 1 sin i = 2.8 × 10 6 km, and f (m) = 0.016 M ⊙ , respectively and suggested that its unseen secondary component should have been at least 1.5 mag fainter than primary. They gave an upper limit of 40
• for inclination making use of the analysis of radial velocity. Kimble et al. (1981) suggested that the secondary is a K5 V star with a mass of 0.7 M ⊙ and the primary is a K0 subgiant with a mass of 1.2 M ⊙ , based on the calculations of Crampton et al. (1979) .
DM UMa is one of the most active members of the RS CVn-type stars. Its strong activity is confirmed by the observations obtained in a broad range of wavelengths, from X-rays to radio. The star was investigated in X-rays by Kashyap & Drake (1999) and Dempsey et al. (1993) , in radio waves by Mutel & Lestrade (1985) , Morris & Mutel (1988) , Drake et al. (1989) , Drake et al. (1992) , in infrared by Mitrou et al. (1996) , in EUV by Mitrou et al. (1997) . The photometric variations (Kimble et al. 1981; Mohin et al. 1985; Mohin & Raveendran 1992 , 1994 Rosario et al. 2009) , variable Ca II H and K core emission (Charles et al. 1979; Montes et al. 1995 Montes et al. , 1996 Montes et al. , 1997 , and variable Hα emission (Schwartz et al. 1979; Nations & Ramsey 1986 ) are other good indicators of its strong activity. DM UMa is one of the four RS CVn type systems which always show Hα emission above continuum (Bopp 1982) .
The first photometry and the detection of wave-like distortion on its light curve were made by Kimble et al. (1981) who found that the photometric period was approximately the same as the spectroscopic orbital period and showed that it had a photometric amplitude of 0.36 mag in B and 0.32 mag in V . They stated that the wave-like distortion seen on the light curve of the system is due to the starspots, which are 700-1300 K cooler than the surrounding photosphere. Mohin et al. (1985) presented B,V photometry of DM UMa obtained between 1980 and 1984, and they showed that the shapes and the amplitudes of the light curves change in years. They suggested that the changes in the shape of the light curve during observations are caused by two starspot groups, and that the spots should be located at lower latitudes because the period calculated from the light modulation caused by starspots is shorter than the orbital period of the system. Heckert et al. (1988) and Heckert (1990) published photometry of DM UMa in U ,B,V passbands obtained 1986-1987 and 1988-1989, respectively . Later on, Mohin & Raveendran (1992) studied long-term photometry of the system using their own photometric observations covering the time interval between 1985-1990, along with those obtained in previous works. They modeled the activity structures on the surface of the active component assuming that photometric variations of DM UMa are due to the presence of cool starspots. Including photometry obtained in the observing season of 1990 -1991 , Mohin & Raveendran (1994 distinguished that both maximum and minimum brightness of the system during 1988-1991 monotonically had increased by 0.20 mag in the V magnitude. Their spot modeling indicated a slow migration of spots toward the equator and a gradual decrease in spot area during that period. They derived a mean spot temperature of 3400 ± 60 K. Rosario et al. (2009) , using 30 yr long photometry of the system, suggested that DM UMa does not show the long-term cyclic variation in brightness. They also stated that the spotted areas on the surface were clustered in two bands centered in the phases of 0.0 and 0.5 and that the long-term variation pattern seen in the mean V brightness was not reflected in the mean B-V color of the system. Rosario et al. (2011) published the B and V data obtained in the 2008-2009 observing season. Hatzes (1995) presented Doppler images of the spot distribution on DM UMa in the epoch 1993.1. He compared the results attained from these images to Table 1 . References of the data used in this work. 1980 -1984 Mohin et al. (1985 ) 1984 -1990 Mohin & Raveendran (1992) 1991 Mohin & Raveendran (1994 -2008 Rosario et al. (2009 -2008 This work 2009 Rosario et al. (2011) the chromospheric activity indicators Hα emission and He I D3 absorption and concluded that DM UMa had two starspot groups: one of them had a long polar appendage (at phase 0.47) and the other was an equatorial spot (at phase 0.56). Some chromospherically active stars, including DM UMa, were observed by O'Neal et al. (1998 O'Neal et al. ( , 2004 and O'Neal (2006) in the TiO band; they attempted to address the question how the spot coverage on the surfaces change with time. O'Neal et al. (2004) obtained the change of the surface filling factor of DM UMa using the data which had better phase coverage comparing to O'Neal et al. (1998) . According to their study, the quiescent temperature (T Q ) of the system was 4500 K while the spot temperature (T S ) was 3450 K. Later on, the T S value was improved to 3300 K by O'Neal (2006) . DM UMa has been one of the first discovered active systems, and it was studied both photometrically and spectroscopically in a wide range of wavelengths and years. In order to better understand the activity nature of the system, we have used the extensive literature sources. We present a new approximation for the long-term light and color variations of DM UMa using almost continuous data obtained by combining our own observations in the U, B, V, R system during 1997-2008 and the data published in the literature. A brief history of DM UMa is presented in Section 1. The observations used are described in Section 2, and the analysis of long-and short-term light and color variations is given in Section 3. The results obtained in this study are discussed in Section 4.
Years of observation References

OBSERVATIONS
The observations were carried out at Ege University Observatory (EUO) using 48 cm Cassegrain telescope equipped with a SSP-5 photometer between the years 1997 and 2002, and HSTCP (high-speed three-channel photometer) between the years 2004 and 2008. The observations were made in the BVR system. The U filter was also used in the remaining observing seasons, except for the years 1997-1999. Our comparison and check stars were BD+60 1301 and BD+61 1210, respectively. Following a traditional reduction procedure, we obtained differential magnitudes in terms of variable minus comparison, and then the corrections of atmospheric extinction were added. The atmospheric extinction coefficients were determined at EUO for each night. The mean r.m.s. errors for a night were approximately 0.010 mag in U , 0.009 mag in B, 0.007 mag in V and 0.005 mag in R. The phases for each observation were calculated using the following light elements taken from Strassmeier et al. (1993) :
(1)
The nightly mean observations are shown in Figure 1 . In Figure 1 , we present the V light and the U -B, B-V and V -R color curves obtained by us for 1997-2008, the light and color curves of other authors can be found in the literature, see Table 1 . 
ANALYSIS OF OBSERVATIONS
The data listed in Table 1 were divided into observational seasons. The nightly average data points were obtained for each season, and they are plotted versus the years in Figure 2 . A prominent change in the long-term V light level of DM UMa took place in 1988-1991, it is seen clearly in Figure 2 , panels (a) and (b), where both our observations and those from the literature are plotted. In order to examine photometric variations in each season separately, it is necessary to exclude possible cyclic or periodic long-term variations, including the steep increase of brightness. For this aim we used PERIOD04 which is a very functional and convenient period search program (Lenz & Breger 2005) . It is a standard program widely used for doing Fourier transforms of light curves and it enables to detect other frequencies if they are present. We considered that the first frequency corresponded to the large magnitude variation and the other showed the shorter-term variation with the lower amplitude. We identified two frequencies with an amplitude-to-noise ratio ≥ 4.0 following the empirical criterion described by Breger et al. (1993) . The period analysis results for the V data are illustrated in Figure 3 . It is evident that the frequencies of F1 = 0.00005353 cycle day −1 and F2 = 0.00018163 cycle day −1 , corresponding to the periods of 51.2 ± 2.8 and Mohin & Raveendran (1992) and Mohin et al. (1985) , Mohin & Raveendran (1994) and Rosario et al. (2011) , respectively. The yearly mean brightnesses and colors are also shown by larger empty circles. The fits derived from period analysis are indicated by solid lines. All V data used in this study and their representation derived with a combination of two periods are shown in panel (a). Panel (b) represents the same data fitted with the main period. Panel (c) gives the residuals from (b) fitted with the secondary period. In panels (b) and (c) the filled circles for all data are just used to remove complexity. The long-term variability in colors B-V , U -B and V -R is presented in panels (d), (e) and (f).
15.1 ± 0.7 yr, are detected. Following the method of Horne & Baliunas (1986) , the uncertainties in the periods shown in Figure 3 were determined. The fits derived from a period analysis in Figures 2(a-f) are indicated by solid lines. The total V dataset used in this study, with its representation combining two frequencies, are shown in Figure 2 , panel (a). Observations are represented with the main frequency in panel (b), and the deviations from the fit are presented panel (c) using the secondary frequency.
After the long-term variation was subtracted from the data, the seasonal variations were analyzed. Observational data obtained for all the seasons were individually fitted to the Fourier series. The coefficients were calculated by expanding the binomial Fourier series (N = 2), because the light curves generally have asymmetric shape which reflects the existence of spot groups located very close to each other on the star surface, and the minimum of the second spot does not appear evidently on light curves. The phases of spot minima were determined from the theoretical curves, after each light curve was represented by means of the Fourier coefficients. The light curves observed could be quite well represented by the sum of the sine curves of a single and a double minimum, and a good agreement between the observations and the synthetic curves is seen in Figure 1 . Maximum, minimum and mean brightnesses in V (V max, V min and V mean) the full amplitude A, and the phases of the spot minimum directly determined on fits are listed in Table  2 , including the mean epochs and HJDs of the observing seasons. The amplitudes are determined from maximum light changes. Although some authors have tried to develop models which include the contribution of hotter activity structures as well as dark star spots (e.g., Catalano et al. 2000; Gondoin 2008 ), it has not yet been possible to develop the spot modeling programs in which numerous parameters affecting the variation pattern in the star light would provide an opportunity to take this into account. Here we used a method based on a fully observational basis, which follows the longitudinal traces of activity regions on light curves. We assumed that the variations of asymmetry and/or amplitudes of the light curves may suggest that instead of being localized in only a single region, spot regions spread over the stellar surface. According to this assumption, we used an approximation in which three spots on the active component of the binary are responsible for the light variations of the system. The approximations, which involve the multiple spots on the stellar surface, have been used by different authors (see, e.g., in the case of SV Cam and FF Aqr by Jeffers et al. 2006 and Vaccaro & Wilson 2003, respectively) . We determined the spot minima phases, assuming that one spot region caused each light minimum on the theoretical curves. The phases corresponding to these three spot groups are referred to as ϕ 1 , ϕ 2 , and ϕ 3 . They were listed in the last three columns of Table 2 .
RESULTS AND DISCUSSION
In this work, we aimed to photometrically examine the long-and short-term activity behavior of DM UMa. As can be seen in Figure 1 , the seasonal light and color curves of DM UMa change in the years. The seasonal variations show amplitudes varying from 0.06 to 0.30 mag in V . The U -B, B-V and V -R colors become redder at the phases when the brightness fades. The light curves of DM UMa usually have an asymmetric shape. The asymmetric shapes of the light curves of active stars are generally observed when the starspots are closer than 180
• in longitude on the stellar surface (Hall 1992 ). The differences between temperatures of the starspots and the photosphere, the latitude and longitude of starspots, the total area coverage by starspots and the inclination of the rotational axis of a star affect the shape and amplitude of light curves of active cool stars. Different combinations cause different light curve shapes. Thus, the effect of spots on the light curve shapes will depend on their visibility (see, e.g., Friedemann & Gürtler 1975) . The latitudes of starspots cannot be determined photometrically, but there are many studies which discuss the latitudes of starspot occurrence on the surface of the active component using other methods (e.g. Hatzes 1995; O'Neal et al. 2004) . In these studies, a possible existence of both polar and lower latitude spots has been stated (e.g., Hatzes 1995; O'Neal et al. 2004; Rosario et al. 2009 ). It is not expected that polar spots cause light curves of large amplitude, because when the polar distance of spots gets smaller, the amplitudes decrease. Furthermore, the polar spots remain stable for a long time while equatorial spots change their locations faster on the star surface according to differential rotation of the star. Thus, the effects of high-latitude spots on the shapes of light curves are also small (e.g., Korhonen et al. 2007 ). The inclination of DM UMa has also been a subject of various studies, and the inclination values were suggested to be between 22
• and 40
• (Crampton et al. 1979; Mohin & Raveendran 1992; Hatzes 1995) . Rosario et al. (2009) have stated that the V -band data available indicate that starspots in DM UMa form at the latitudes well beyond 40
• , and the spotted areas mostly spread over more than 180
• in longitude. The small inclination means that polar spots (even large) photometrically are less effective. A possible co-existence of spot groups close to each other may affect the asymmetry of the light curve as well. The uncertainty about the inclination of DM UMa has led to controversy in the distribution of spots on the photosphere and the duration of their visibility. Therefore in this study, instead of a single large spot, we assumed that a spot group consisting of multiple small spots can take place on a wide surface area, and they will allow a good representation for both asymmetry of light curves and variations of their amplitudes.
The behavior of the amplitudes in the years is presented in Figure 6 . We searched the amplitude variations of the system for possible cyclic or periodic variations using a period analysis program. We also searched for correlations between the long-term V light curve and color curves of the system and its photometric amplitude. We have not found neither such correlation nor any cyclic changes. This view might reflect a combined result of both small inclination of the star and the distribution of spots on the surface as discussed above.
One of the most striking features of the long-term brightness variation pattern of DM UMa is that a monotonous increase occurs in the V -light level between 1988 and 1991, as can be seen from Figure 2 , panels (a) and (b). In order to search whether there is any cyclic long-term variation in brightness and colors of the system, we used the PERIOD04 software to perform Fourier analysis to identify dominant frequencies in each light and color curve. We find that the best match to observations is achieved by using two periods of 51.2 ± 2.8 and 15.1 ± 0.7 years. The significance analysis of the frequency peaks for the long-term variations in V indicates that they have a confidence level of 99.9% and the data that we used in this study cover the time range longer than a half period of the long-term variation. Thus, we can assume that this is a reasonable period estimation for the long-term brightness variation of DM UMa. There is no good explanation yet for the large period brightness variations of the active stars, although it is known that many of them show such long-term brightness variations reflecting changes in their activity patterns (e.g., Oláh et al. 1998; Kolláth & Oláh 2009; Özdarcan et al. 2010) . Rosario et al. (2009) state that DM UMa indicates no cyclic variation in the mean brightness; if there is any cyclic variation, its period must be much larger than 30 yr. They also mention that the total spot area on the active component of DM UMa does not exhibit any cyclic variation with a given period upon which low-amplitude modulations with shorter periods are superposed. In order to further discussions on long-term cyclic behavior of DM UMa, we need data covering much longer and uninterrupted time interval.
We searched for a probable cyclic behavior of the colors similarly to what we have done for the V brightness. The colors U -B, B-V and V -R versus years are plotted in Figure 2 panels (d) , (e) and (f), respectively. We have no U -B and V -R data obtained between the years 1980 and 1990 when a steep rise in the brightness takes place. Thus, the color variations could be directly represented by the single-frequency fits as shown in panels (e) and (f) of Figure 2 . We found the periods 14.1 ± 0.9 yr for U -B and 14.3 ± 1.0 yr for V -R, while it was not possible to provide a good fit of the data for a long-term variation of B-V , although its data cover a wider time range comparing to other colors. Rosario et al. (2009) also point out that the long-term variations seen in the mean V are not reflected in the mean B-V colors.
On the other hand, we performed a Multiple Regression Analysis to determine quantitatively if the correlation exists between the mean V -light and colors for the long-term variations, using the values from Table 2. We set the alpha level at 0.05 (or a confidence limit of 95%) to test the significance level of correlations. In Figure 5 , from top to bottom, the U -B, B-V and V -R colors versus the V magnitudes are plotted, and they are represented by a line-fit. The Pearson correlation coefficients (r) and the P -values determined for different combinations of V and color curves were listed in Table 3 together with the goodness of fit (R 2 ). The light and color pairs, which were searched for a correlation, are given in first column of Table 3 . The Table shows The cool activity structures cause the decrease in the system's light, and the rotational modulation of the light curves is accepted as a photometric indicator of surface magnetic activity structures generated by dynamo in late-type stars. Assessing the chance of having for DM UMa a long and almost continuous dataset covering almost 30 years, we examined the behavior of the light minimum phases with time. In Figure 4 (a) for each year we illustrated a longitudinal distribution of spot minimum phases listed in the last three columns of Table 2 . They show that the spots may appear at any longitude, unlike Rosario et al. (2009) who state that spots are clustered into two active longitudes which prefer the phases 0.5 and 0.0. In Figure 4 , the individual cycles are marked with letters between A and H. Here one can easily distinguish the displacement of spot minimum phases over the years. The phases of the spot minimum, with the cycle added, were plotted versus the years in Figure 4, panel (b) . The deviations from the linear fit, which are seen in (b), are presented in panel (c). We found an activity cycle with the period of 23.9 ± 2.2 yr derived from the period analysis of the residuals.
DM UMa has an active giant primary and a low-mass late-type secondary like σ Gem, λ And and II Peg. Some of them, including DM UMa, are among the most active systems. In the active binary systems of this type, the activity features of giant component dominate both photometrically and spectroscopically. The systems which involve giant components are important to examine the binarity and stellar evolution effects on stellar activity. We conclude that the continuation of multicolor observations of DM UMa will provide new clues about the nature of its surface activity structures and the relationship of activity with stellar parameters.
